TITLE OF THE INVENTION 
DIRECT CURRENT MOTOR 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This is a Continuation Application of PCT 
5 Application No, PCT/ JP02/04014 , filed April 23, 2002, 

which was not published under PCT Article 21(2) in 
English. 

This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
10 Applications No. 2001-127716, filed April 25, 2001; and 

No. 2001-244130, filed August 10, 2001, the entire 
contents of both of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 
15 1. Field of the Invention 

The present invention relates to a motor driven by 
a direct-current power supply, and more particularly to 
an inner-rotor type direct current motor, wherein the 
rotor is arranged inside the stator having a plurality 
20 of field magnets which generate a magnetic field. 

2. Description of the Related Art 
A direct current motor with brushes is used as, 
for example, a motor section of an motor-blower for 
use in a battery-driven electric vacuum cleaner. The 
25 direct current motor has a stator including a stator 

core, which defines a circular rotor through hole, 
and two field magnets attached on the circular inner 



- 2 



periphery of the stator core. 

The field magnets are both arc-shaped. The field 
magnets may be of the type arc-shaped in advance and 
attached by adhesive to the inner periphery of the 
5 stator core or the type injection-molded to an arc 

shape and attached to the inner periphery of the stator 
core. The field magnet of the latter type is made of 
magnetic particle-mixed synthetic resin, and commonly 
called a plastic magnet. 

10 A part of the circular inner periphery of the 

stator core to which the field magnets are attached is 
exposed through a gap between the end portions of the 
field magnets (hereinafter referred to as magnet end 
portions) . The field magnets are magnetized in the 

15 thickness directions. Here the thickness direction 

means radial directions connecting the inner periphery 
surface and the outer periphery surface of the stator 
core . 

At the magnet end portions of the magnetized field 
20 magnets, magnetic flux flows from the north pole to the 

south pole. The flow of the magnetic flux is called 
magnetic flux leakage. The magnetic flux leakage is 
one of the factors that reduce the torque of the rotor 
arranged inside the stator. Therefore, it is desirable 
25 to reduce the magnetic flux leakage as little as 

possible . 

As described before, the inner periphery of the 
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stator core is circular. Hence, the portion of the 
inner periphery of the stator core that exposed through 
the gap between the magnet end portions of the adjacent 
field magnets is located on an extension of the rear 
5 surfaces of the field magnets. The distance from the 

portion of the inner periphery between the magnet end 
portions to the surface of each magnet end is short. 
Particularly in the case where the field magnet is 
formed of a rare-earth magnet having a high energy 

10 product, the magnet is thin. For this reason, if 

a rare-earth magnet is used as the field magnet, 
the distance is shorter. 

The stator core easily passes magnetic flux by 
nature. As described above, the exposed portion of the 

15 inner periphery of the core is located at a very short 

distance from the surfaces of the magnet ends. In this 
structure, the magnetic flux from the north pole to the 
south pole at the magnet end portions easily passes 
through the exposed portion of the inner periphery. 

20 Thus, when there is much magnetic flux leakage at the 

magnet end portions, the torque that rotates the rotor 
is reduced. 

To injection-mold a plastic magnet and attach it 
to the inner periphery of the stator core, a pair of 
25 molding dies are used. The molding dies are used such 

that they sandwich the stator core in the thickness 
direction. One of the molding dies has an insertion 
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die portion. The stator core has a rotor through hole 
in a central portion thereof. In the injection 
molding, the insertion die portion is inserted into the 
rotor through hole. The inserted insertion die portion 
5 forms a cavity between itself and the inner periphery 

of the stator core. 

To form the cavity, the insertion die portion is 
brought into contact with the inner periphery of the 
stator core. The cavity is formed so as to correspond 

10- to the shape of the field magnet. The cavity is filled 

with the plastic magnet by injection. As a result, the 
field magnet is injection molded to the inner periphery 
of the stator core. 

The insertion die portion, which is inserted in 

15 and removed from the rotor through hole in the 

injection molding, is brought into contact with the 
inner periphery of the stator core. Thus, since the 
insertion die portion inevitably wears with time, the 
lifetime of the molding die is short. 

20 As the wear of the insertion die portion proceeds, 

thin burr-like portions projecting from the ends of 
the field magnet are formed. The projecting portions 
easily peel after molding. When the projecting 
portions begin to exfoliate, the field magnet may be 

25 liable to peel off from the inner periphery of the 

stator core, triggered by the exfoliation. 

An object of the present invention is to provide 
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a direct current motor, which suppresses the magnetic 
flux leakage at the magnet end portions of the field 
magnets and increases the torque of the rotor. 

BRIEF SUMMARY OF THE INVENTION 
5 In a direct current motor of the present 

invention, a plurality of field magnets are attached 
to the inner periphery of a stator core, which defines 
a rotor through hole. The stator core has recesses 
facing magnetic end portions of the field magnets. 

10 The recesses open to the rotor through hole. Each 

recess has a surface (herein after referred to as a 
recess surface) , which is away from the surface of the 
magnetic end portions, and set back toward the outer 
periphery of the stator core from the rear surface of 

15 the magnet end portion. 

In this invention, the stator core may be formed 
of a magnetic plate of magnetic metal, for example, 
a silicon steel plate. The field magnet may be formed 
not by injection molding, or by injection molding 

20 plastic magnet. It is preferable that the field magnet 

be formed of a rare-earth magnet, since the torque can 
be more increased or the direct current motor can be 
more compact. 

In this invention, the recess may be extended to 

25 the rear sides of the magnet end portions. The recess 

preferably extends across the magnet end portions of 
the adjacent field magnets. However, recesses may be 
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formed to correspond to the respective magnet end 
portions . 

According to the direct current motor of the 
present invention, since the recesses are formed in the 
5 stator core, the distance between the recess surface 

and the surface of a magnet end portion is lengthened. 
Magnetic resistance is obtained by air in the recess. 
Therefore, the magnetic flux flowing from the north 
pole to the south pole at the magnet end portions 
10 through the stator core, which easily passes magnetism, 

can be reduced. Accordingly, the magnetic flux can be 
efficiently used, thereby increasing the torque of the 
rotor . 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
15 FIG. 1A is a backside view of an motor-blower 

including a direct current motor according to a first 
embodiment of the present invention. 

FIG. IB is a cross-sectional view of the motor- 
blower taken along the line FIB-FIB in FIG. 1A. 
20 FIG. 2A is a plan view of a stator included in 

the direct current motor shown in FIGS. 1A and IB. 

FIG. 2B is a cross-sectional view of the stator 
taken along the line F2B-F2B in FIG. 2A. 

FIG. 3A is a plan view of a stator included in 
25 a direct current motor according to a second embodiment 

of the present invention. 

FIG. 3B is an enlarged view of a portion F3B in 
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FIG. 3A. 

FIG. 4 is a plan view of a stator of a direct 
current motor according to a third embodiment of the 
present invention . 
5 FIG. 5 is a perspective view of a direct current 

motor according to a fourth embodiment of the present 
invention, showing a state in which a stator and 
a rotor of are separated. 

FIG. 6 is a perspective view of the stator core of 
10 the stator of the direct current motor according to the 

fourth embodiment. 

FIG. 7 is a cross-sectional view of the stator 
of the direct current motor according to the fourth 
embodiment . 

15 FIG. 8 is an enlarged view of a part of the stator 

shown in FIG . 7 . 

FIG. 9 is a diagram showing a magnetic flux 
distribution of the direct current motor according to 
the fourth embodiment. 
20 DETAILED DESCRIPTION OF THE INVENTION 

The first embodiment of the present invention will 
now be described with reference to the drawings. 

The motor-blower 1 shown in FIGS. 1A and IB 
includes a motor section 2 and a fan section 3. 
25 The motor-blower 1 is used as a vacuum suction source 

of an electric vacuum cleaner. The motor-blower 1 is 
driven by a direct-current power source, for example, 
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a storage battery H. 

The motor section 2 constitutes a bipolar direct 
current motor. The motor section 2 has a pair of motor 
frames 11 and 12, a rotor 13, a pair of bearings 14 and 
5 15, a stator 16, a commutator 17 and a pair of brush 

devices 18. 

The motor frames 11 and 12 are made of, for 
example, hard synthetic resin. As shown in FIG. IB, 
bearing receiving portions 11c and 12c are formed in 
10 the motor frames 11 and 12. 

The motor frames 11 and 12 support the stator 16. 
More specifically, the motor frames 11 and 12 sandwich 
the stator 16 on the opposite sides thereof in the 
thickness direction, and are connected to the stator 
15 16. The connection is achieved by four screws 21 

(FIG. IB shows only one of them as a representative) . 

Each screw 21 is inserted through the one motor 
frame 11 and screwed into a connection hole 23 of 
the other motor frame 12. Middle portions of the 
20 respective screws 21 pass through screw through holes 

22 formed in four corner portions of the stator 16 
shown in FIG. 2A. 

As shown in FIG. IB, the rotor 13 has a rotary 
shaft 13a, an armature core 13b, a coil 13c, the 
25 commutator 17 and the pair of bearings 14 and 15. 

The rotary shaft 13a passes through a central 
portion of the armature core 13b. The coil 13c is 
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wound around the armature core 13b. An insulating 
member indicated by a reference symbol 13d in FIG. IB 
insulates the coil 13c from the rotary shaft 13a and 
the armature core 13b. 
5 The bearings 14 and 15 are rolling-type bearings. 

The bearings 14 and 15 are respectively attached to 
the ends of the rotary shaft 13a. One end of the 
rotary shaft 13a passes through the bearing 14. 
The commutator 17 is attached to the rotary shaft 13a. 

10 The commutator 17 is located between the armature core 

13b and the bearing 15. The commutator segments of the 
commutator 17 are respectively connected to terminal 
portions of the armature coil 13c. 

The bearings 14 and 15 of the rotor 13 are 

15 received by the bearing receiving portions 11c and 12c. 

As a result, the rotor 13 is rotatably supported across 
the motor frames 11 and 12. A shaft through hole 35 
is formed in a central portion of the motor frame 11. 
The end of the rotary shaft 13a, which passes through 

20 the bearing 14, is inserted through the shaft through 

hole 35. 

As shown in FIGS . 2A and 2B, the stator 16 is 
comprised of a stator core 25 and a plurality of, for 
example, two field magnets 26 and 27. The stator core 
25 25 functions as a yoke. The field magnets 26 and 27 

generate a field. As shown in FIG. IB, the stator 16 
surrounds the armature core 13b of the rotor 13. 
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As shown in FIG. 2B, the stator core 25 is formed 
of a stack of a number of core plates 25a. The core 
plates 25a are formed of silicon steel plates stamped 
into the same shape. 
5 As shown in FIG. 2A, the outer shape of the stator 

core 25 is substantially rectangular in a plan view. 
Slanting or arc-shaped chamfered portions may be formed 
at the four corners of the stator core 25. In FIG. 2A, 
a numeral 22 denotes the screw through hole. A rotor 

10 through hole 28, through which the rotor 13 passes, is 

formed in a central portion of the stator core 25. 

The field magnets 26 and 27 are formed by 
injection-molding a synthetic resin in which magnetic 
particles G, such as magnetic powders, is mixed 

15 (so-called plastic magnet) . As a preferable example, 

synthetic resin, into which rare-earth magnetic 
particles G are mixed, is injection-molded to form an 
arc shape, thereby forming a field magnet. The magnets 
2 6 and 27 are formed by the injection molding and 

20 overlaid on an inner periphery 28a of the stator core 

25, which defines the rotor through hole 28. 

After the injection molding, the field magnets 26 
and 27 are magnetized by magnetizing equipment (not 
shown) . The magnetization is made in radial directions 

25 originating from the center of the stator core 25, 

i.e., the thickness directions of the field magnets 26 
and 27. 
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By this magnetization, for example, the field 
magnet 26 in the left part of FIG. 2A is magnetized 
such that the surface A is the north pole and the rear 
surface B is the south pole. The field magnet 27 in 
5 the right part of FIG. 2A is magnetized such that the 

surface A is the south pole and the rear surface B is 
the north pole. The surfaces A of the field magnets 26 
and 27 face the space within the rotor through hole 28. 
The rear surfaces B of the field magnets 26 and 27 are 
10 adhered to the inner periphery 2 8a of the rotor through 

hole 28. 

One or more, for example, a plurality of grooves 
30 continued to the inner periphery 28a are formed 
in the stator core 25. One or more, for example, 

15 a plurality of projections 29 are formed integral with 

the rear surfaces B of the field magnets 26 and 27. 
The projections 29 are inserted in the corresponding 
grooves 30. According to this embodiment, since the 
field magnets 26 and 27 are formed by injection 

20 molding, the grooves 30 are filled with magnet 

material simultaneously with the injection molding. 
For this reason, the above insertion is achieved by 
solidification of the magnet material filled in the 
grooves 30. 

25 The projections 29 and the grooves 30 function as 

anti-exfoliation and positioning means of the field 
magnets 26 and 27. By this function, the field magnets 
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26 and 27 are positioned at the predetermined positions 
and prevented from moving along the circumferential 
directions of the inner periphery 28a* 

The ends of the field magnet 26 along the arc are 
5 referred to as magnet end portions 2 6a and 2 6b. The 

ends of the field magnet 27 along the arc are referred 
to as magnet end portions 27a and 27b. The inner 
periphery 28a of the stator core 25 has a plurality of 
recesses 31. Each recess 31 is formed of a groove 

10 wider than the groove 30, and extends all over the 

thickness of the stator core 25. The recesses 31 
function to suppress the magnetic flux leakage at 
the magnet end portions 26a, 26b, 27a and 27b. 

One of the recesses 31 extends across the adjacent 

15 magnet end portions 26a and 27a of the field magnets 

26 and 27. The other recesses 31 extends across the 
adjacent magnet end portions 26b and 27b of the field 
magnets 26 and 27. Each of the recesses 31 is defined 
by a recess surface 31a and a pair of side surfaces 31b 

20 and 31c. The side surfaces 31b and 31c are planes 

connecting the inner periphery 28a and the recess 
surface 31a. 

The recess surface 31a of one recess 31 is formed 
of a plane that is located away from surfaces AC of the 
25 pair of magnet end portions 26a and 27a toward the 

outer periphery 25a of the stator core 25. The recess 
surface 31a is set back toward the outer periphery 25a 
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of the stator core 25 from rear surfaces BD of the 
magnet end portions 26a and 27a. 

The width W between the recess surface 31a and the 
outer periphery 25a is 5 mm or longer. The width W 
5 functions to assure flow of the magnetic flux necessary 

and sufficient for a predetermined performance. As a 
result, the cross-sectional area of the magnetic path 
between the magnet end portion 27a in the right part of 
FIG. 2A and the magnet end portion 26a in the left part 

10 of FIG. 2A assures flow of the necessary and sufficient 

magnetic flux. The rear surface BD of the magnet end 
portion 27a on the right assumes the north pole and the 
rear surface BD of the magnet end portion 2 6a on the 
left assumes the south pole. 

15 One side surface 31b of the one recess 31 is 

continued to an edge E of the magnet end portion 26a. 
The one side surface 31b and the edge E are flush with 
each other, forming a flat plane, and no step or bend 
is formed therebetween. Likewise, the other side 

20 surface 31c of the one recess 31 is continued to an 

edge E of the magnet end portion 27a. The other side 
surface 31c and the edge E are flush with each other, 
forming a flat plane, and no step or bend is formed 
therebetween. The magnet end portions 26a and 27a are 

25 located in proximity to the one recess 31 and face the 

recess 31. The distance between the side surfaces 31b 
and 31c of the one recess 31, i.e., the width of the 
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recess surface 31a, is substantially equal to the 
distance between the edges E of the magnet end portions 
26b and 27b. 

Likewise, the recess surface 31a of the other 
5 recess 31 is formed of a plane that is located away 

from surfaces AC of the magnet end portions 26b and 27b 
toward the outer periphery 25b of the stator core 25. 
The recess surface 31a is set back toward the outer 
periphery 25b of the stator core 25 from rear surfaces 

10 BD of the magnet end portions 2 6b and 27b. 

The width W between the recess surface 31a and the 
outer periphery 25b is 5 mm or longer. The width W 
functions to assure flow of the magnetic flux necessary 
and sufficient for a predetermined performance. As a 

15 result, the cross-sectional area of the magnetic path 

between the magnet end portion 27b in the right part of 
FIG. 2A and the magnet end portion 26b in the left part 
of FIG. 2A assures flow of the necessary and sufficient 
magnetic flux. The rear surface BD of the magnet end 

20 portion 27b on the right assumes the north pole and the 

rear surface BD of the magnet end portion 26b on the 
left assumes the south pole. 

One side surface 31b of the other recess 31 is 
continued to an edge E of the magnet end portion 2 6b. 

25 The one side surface 31b and the edge E are flush with 

each other, forming a flat plane, and no step or bend 
is formed therebetween. Likewise, the other side 
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surface 31c of the other recess 31 is continued to an 
edge E of the magnet end portion 27b. The other side 
surface 31c and the edge E are flush with each other, 
forming a flat plane, and no step or bend is formed 
5 therebetween. The magnet end portions 2 6b and 27b are 

located in proximity to the other recess 31 and face 
the recess 31. The distance between the side surfaces 
31b and 31c of the other recess 31, i.e., the width of 
the recess surface 31a, is substantially equal to the 

10 distance between the magnet end portions 2 6b and 27b. 

As described above, the one recess 31 is formed 
so as not to extend to the rear sides of the magnet 
end portions 26a and 27a as a preferred embodiment. 
Likewise, the other recess 31 is also formed so as not 

15 to extend to the rear sides of the magnet end portions 

26b and 27b. Therefore, this is advantageous in that 
the effective magnetic flux of the field magnets 26 and 
27 does not reduce. 

On the other hand, the recess 31 may be extended 

20 as indicated by the two-dot-chain lines in FIG. 2A. 

In this case, the one recess 31 is formed so as to 
extend to the rear sides of the magnet end portions 26a 
and 27a. Likewise, the other recess 31 is formed so as 
to extend to the rear sides of the magnet end portions 

25 26b and 27b. 

However, with this structure, the air that goes 
around the rear sides of the magnet end portions 26a, 
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26b, 27a and 27b provides magnetic resistance. For 
this reason, the magnetic fluxes do not easily flow 
between the stator core 25 and the rear surfaces BD 
of the magnetic end portions 26a, 26b, 27a and 27b, 
5 which face the recesses 31. Accordingly, the amount of 

the magnetic flux flowing between the adjacent field 
magnets 26 and 27 is reduced. Consequently, the 
magnetic fluxes of the field magnets 26 and 27 cannot 
be effectively used. 

10 The recess surface 31a of the one recess 31 

between the adjacent magnetic end portions 26a and 
27a is flat. The recess surface 31a does not have 
a projection, which divides the one recess 31 into two. 
The recess surface 31a of the other recess 31 between 

15 the adjacent magnetic end portions 26b and 27b is 

also flat. The recess surface 31a does not have a 
projection, which divides the other recess 31 into two. 

The structure of the recesses 31 is thus simple. 
Therefore, this is advantageous in that the structure 

20 of a die for stamping out the core plates 25a can be 

simple, and the durability of the die can be increased. 

The width of the recess 31 may be reduced by 
reduction in size of the direct current motor. In this 
case, if there is a projection which divides the recess 

25 31 into two, it will easily lead to magnetic flux 

leakage from the magnetic end portions 26a, 26b, 27a 
and 27b. Consequently, it will read to increase in 
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amount of magnetic flux leakage. On the other hand, 
the direct current motor with recesses 31 having 
flat recess surfaces 31a is advantageous since the 
aforementioned drawbacks are eliminated. 
5 The brush devices 18 are attached to the motor 

frame 12, as shown . in FIGS. 1A and IB. Each brush 
device 18 has a carbon brush 18a. The carbon brush 
18a is pressed by a coil spring 18c against the outer 
periphery of the commutator 17. Each brush device 18 

10 has a terminal 18b. The terminal 18b is electrically 

connected to the battery H. 

As shown in FIGS. 1A and IB, the motor frame 11 
is formed to also serve as an air blow guide. More 
specifically, the motor frame 11 is circular, and 

15 a plurality of wind inlet ports 11a are formed. in 

a peripheral portion of the frame 11. As shown in 
FIG. 1A, the wind inlet ports 11a are arranged at 
regular intervals along the circumferential direction. 
As shown in FIG. IB, a flange lib is protruded outward 

20 from the outer periphery of the motor frame 11. The 

shaft through hole 35, through which the rotary shaft 
13a is inserted, is formed in the central portion of 
the motor frame 11. 

As shown in FIG . 1A, a plurality of blades 3 6 

25 for commutation are provided on the rear surface of 

the motor frame 11. Each blade 36 is arc-shaped. 
The adjacent blades 36 form a wind path 37 for 
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rectification. A wind inlet port 11a is open at 
a peripheral portion of each wind path 37. Therefore, 
the wind introduced inside the motor frame 11 through 
the wind inlet port 11a is converted to a static 
5 pressure upon reception of a diffuser action while 

passing through the wind path 37. Further, the wind 
is blown toward the stator 16 through the rear side of 
the motor frame 11. 

As shown in FIG. IB, the fan section 3 has 

10 a centrifugal fan 41 and a fan cover 42. The fan 41 

and the fan cover 42 are made of metal. 

The fan 41 is connected to an axial end portion of 
the rotary shaft 13a passing through the bearing 14 and 
the shaft through hole 35. The connection is achieved 

15 by screwing a nut 43 to the axial end portion. The fan 

cover 42 has a cylindrical peripheral wall portion. 
The peripheral wall portion is engaged with the outer 
periphery of the motor frame 11. The peripheral wall 
portion is in contact with the flange lib. As a 

20 result, the fan cover 42 is attached to the motor frame 

11 with the built-in depth restricted. The fan cover 
42 has an opening 42a, which enters an intake of the 
fan 41. 

In the stator 16 included in the motor-blower 1, 
25 the recesses 31 of the stator core 25 are provided so 

as not to impair the effective magnetic path of the 
stator core 25. These recesses 31 are open to the 
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rotor through hole 28 of the stator core 25, and faces 
the edges E of the magnet end portions 26a, 26b, 27a 
and 2 7b. 

Owing to the recesses 31, the distance between the 
5 recess surface 31a and the surface AC of the nearest 

magnetic end portion 26a, 26b, 27a or 27b can be 
increased. 

The magnetic resistance due to the air in the 
recesses 31 is greater than the magnetic resistance in 

10 the stator core 25, which easily passes magnetic flux. 

Therefore, the increase in distance described above can 
reduce the magnetic flux from the north pole to the 
south pole at each of the magnetic end portions 26a, 
26b, 27a and 27b. In other words, the magnetic flux 

15 leakage at each of the magnetic end portions 26a, 26b, 

27a and 27b can be suppressed. 

Therefore, the magnetic flux at each of the 
magnetic end portions 26a, 26b, 27a and 27b can be 
effectively utilized by the provision of the stator 16. 

20 Accordingly, the torque of the rotor 13 can be 

increased. As the torque of the rotor 13 increases, 
the rotation speed of the fan 41 of the fan section 3 
increases. For this reason, the air blowing capacity 
of the motor-blower 1 can be increased, 

25 FIGS. 3A and 3B show a second embodiment of the 

present invention . The embodiment is basically the 
same in structure as the first embodiment. Therefore, 
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the same structural portions as those of the first 
embodiment are identified by the same reference 
numerals as those of the first embodiment, and the 
descriptions of the structure and the function will be 
5 omitted. Portions different from those of the first 

embodiment will be described below. 

The field magnets 26 and 27, formed by injection 
molding plastic magnet, are connected to each other 
by recess covers 32. Each cover 32 covers the inner 

10 surface of the recess 31. The inner surface of the 

recess 31 is defined by the recess surface 31a and 
the side surfaces 31b and 31c. 

One of the recess covers 32 is injection-molded 
integral with the field magnets 26 and 27. The one 

15 cover 32 extends across the magnetic end portions 2 6a 

and 27a. The other of the recess cover 32 is also 
injection-molded integral with the field magnets 26 and 
27. The other cover 32 extends across the magnetic end 
portions 2 6b and 27b. 

20 Both recess covers 32 are much thinner than the 

field magnets 26 and 27. More specifically, the 
thickness of the recess covers 32 is set to 0.3±0.1 mm, 
while the thickness of the field magnets 26 and 27 is 
1.45 mm. Therefore, the recess covers 32 are 

25 magnetically saturated easily. The recess covers 32 

are not magnetized. The structures of the embodiment, 
including those not shown in FIGS. 3A and 3B, are the 
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same as those of the motor-blower having the motor of 
the first embodiment , except for the structures 
described above. 

In the second embodiment also, the stator 16 has 
5 the recesses 31, which are open to the rotor through 

hole 28. For this reason, the magnetic flux leakage at 
each of the magnetic end portions 26a, 26b, 27a and 
27b, which face the recesses 31, can be suppressed. 
Accordingly, the torque of the rotor 13 can be 

10 increased. This is because the magnetic resistance 

against the magnetic flux from the north pole to the 
south pole at each of the magnetic end portions 26a, 
2 6b, 2 7a and 2 7b is increased . 

The recess covers 32 integrally connect the 

15 adjacent field magnets 26 and 27. Each recess cover 32 

has the same shape as that of the recess 31 and formed 
of a thin film covering the inner surface of the recess 
31. Therefore, the recess covers 32 are easily 
saturated by a very small amount of magnetic flux. 

20 Owing to the magnetic saturation, the magnetic flux 

leakage between the magnets 2 6 and 27 through the 
recess covers 32 is substantially negligible. 
Consequently, even if the recess covers 32 are 
provided, the torque of the rotor can be increased. 

25 The field magnets 26 and 27 and the recess covers 

32 are integrally injection-molded to the inner surface 
28a of the stator core 25. A pair of molding dies (not 
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shown) for this injection molding is not brought into 
contact with the inner surfaces of the recesses 31 for 
forming space for molding the recess covers 32. 

In other words, the space for molding the field 
magnets and the space for molding the recess covers 32 
are continued to form a loop. Hence, the die portion 
of one molding die, inserted through the rotor through 
hole, is not brought into contact with the inner 
periphery 28a of the rotor through hole 28. Therefore, 
the one molding die does not wear by friction against 
the inner surface of the stator core 25. Consequently, 
the lifetime of the molding die can be extended. 

Moreover, since the molding die does not wear, 
burr-like projecting portions due to wear are not 
formed during the injection molding. Although the 
recess covers 32 are thin films, both ends of each 
cover 32 are integrally connected to the field magnets 
2 6 and 27. Therefore, the recess covers 32 cannot be 
peeled off. Accordingly, the field magnets 26 and 27 
are not liable to peel off from the inner periphery of 
the stator core 25, triggered by the peeling of the 
recess cover 32. Thus, the stator 16 has high 
durability. 

FIG. 4 shows a third embodiment of the present 
invention. The embodiment is basically the same in 
structure as the first embodiment. Therefore, the same 
structural portions as those of the first embodiment 
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are identified by the same reference numerals as those 
of the first embodiment, and the descriptions of the 
structure and the function will be omitted. Portions 
different from those of the first embodiment will be 
5 described below. 

The edge E of the magnet end portion 26a or 27a 
are connected to the side surface 31b or 31c of one 
recess 31 , so as to form a bend. The edge E of the 
magnet end portion 26b or 27b are connected to the side 
10 surface 31b or 31c of the other recess 31, so as to 

form a bend. 

In the third embodiment also, the stator 16 has 
the recesses 31, which are open to the rotor through 
hole 28. The magnet end portions 26a, 26b, 27a and 27b 

15 are provided in proximity to the recesses 31 and face 

the recesses 31. For this reason, the magnetic flux 
leakage at each of the magnetic end portions 26a, 26b, 
27a and 27b can be suppressed, thereby increasing the 
torque of the rotor 13. 

20 The stator core 25 has three or more grooves 30 

for one field magnet. The grooves 30 are arranged at 
regular intervals along the circumferential direction 
of the inner periphery 28a, which defines the rotor 
through hole 28. Projections 29 of the same number as 

25 that of the grooves 30 are formed in the rear surface 

portion of the field magnets 26 and 27, which are 
injection molded. The projections 29 are arranged at 
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regular intervals. The projections 29 are inserted in 
the corresponding grooves 30. 

Owing to the insertion, the arc-shaped field 
magnets 2 6 and 27 are uniformly supported by the stator 
5 core 25 along the direction in which the arc is 

extending. For this reason, an increase in temperature 
with the operation of the direct current motor or 
external vibration or shock can be uniformly dispersed 
over all regions of the field magnets 26 and 27. As a 

10 result, the durability of the direct current motor can 

be increased. 

An entrance portion 30a of each groove 30, 
connected to the inner periphery 28a, is narrow. 
Accordingly, the projection 29 inserted in each groove 

15 30 has a constricted root portion. Hence, the strength 

of each groove 30 for holding the corresponding 
projection 29 integral with the field magnets 26 and 27 
is increased. Thus, this structure also allows an 
increase in temperature with the operation of the 

20 direct current motor or external vibration or shock to 

uniformly disperse over all regions of the field 
magnets 26 and 27. As a result, the durability of the 
direct current motor can be increased. The structures 
of the embodiment, including those not shown in FIG. 4, 

25 are the same as those of the motor-blower having the 

motor of the first embodiment, except for the 
structures described above. 
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FIGS. 5 to 9 show a fourth embodiment of the 
present invention. The embodiment is basically the 
same in structure as the first embodiment. Therefore, 
the same structural portions as those of the first 
5 embodiment are identified by the same reference 

numerals as those of the first embodiment, and the 
descriptions of the structure and the function will be 
omitted. Portions different from those of the first 
embodiment will be described below. 

10 The stator core 25, having a rectangular outer 

shape, is formed of a stack of a number of core plates 
25a, made of silicon steel plates or the like. The 
core plate 25a is stamped out from a material steel 
plate by means of a press. 

15 A rotor through hole 28 is formed in a central 

portion of the stator core 25. The stator core 25 
has two recesses open to the rotor through hole 28. 
The recesses 31 divide the inner periphery 28a, 
which defines the rotor through hole 28, in the 

20 circumferential direction. The field magnets 26 and 27 

are respectively provided in the divided portions of 
the inner periphery 28a. 

The stator core 25 has a plurality of, for 
example, four grooves 30. Each groove extends from 

25 the center of the rotor through hole 28 in a radial 

direction. Each portion of the stator core 25 has 
dimensions such that the flux passing through the field 
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magnets 26 and 27 and the rotor 13 is not saturated, 
regardless of the rotor through hole 28, the groove 30 
and the recess 31 . 

The end of each groove 30 opposite to the rotor 
5 through hole 28 is semicircular. The groove 30 has 

a shape having a width corresponding to the diameter of 
the semicircle and reaching the rotor through hole 28. 
The grooves 30 extend from the rotor through hole 38 
in the radial directions substantially along the 

10 diagonals. In this case, the substantially diagonal 

directions include the diagonals and lines connecting 
between the center of the stator core 25 and points 
near both sides of the diagonal lines. 

Each field magnet 26 or 27 covers at least one 

15 groove 30 and does not cover the recess 31. In this 

embodiment, each of the field magnets 26 and 27 covers 
two grooves 30, as shown in FIG. 5. In other words, 
the field magnets 26 and 27 are provided on both sides 
of the recesses 31. 

20 The field magnets 26 and 27 are formed by 

injection-molding a synthetic resin to the inner 
periphery 28a of the stator core 25. Magnetic 
particles G, such as magnetic powders, are mixed in the 
synthetic resin. The rotor 13 is located between the 

25 field magnets 26 and 27. Therefore, the arc-shaped 

inner surfaces of the field magnets 26 and 27, exposed 
inside the rotor through hole 28, form arcs having 
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a diameter slightly greater than the maximum diameter 
of the rotor 13. 

The field magnets 26 and 27 are injection 
molded as follows. First, the stator core 25 of 
5 a predetermined shape is inserted in and positioned at 

a predetermined position of a molding die (not shown) . 
Then, the molding dies are clamped. Thereafter, 
a molten synthetic resin, in which magnetic particles 
G such as magnetic powers are mixed, is injected into 

10 a molding space inside the molding die. As a result, 

the field magnets 26 and 27 are injection molded to 
the inner periphery 28a of the stator core 25. 

Thus, the step of forming the field magnets 26 
and 27 and the step of attaching them to the inner 

15 periphery 28a are completed by one step of injection 

molding the field magnets 26 and 27 to the inner 
periphery 28a.. Therefore, the number of manufacturing, 
steps is reduced, thereby reducing the manufacturing 
cost. Moreover, it is unnecessary to attach an 

20 independently formed field magnet to a predetermined 

position by means of a jig. Hence, the field magnets 
26 and 27 can easily be produced, while the accuracy of 
the attachment positions of the field magnets 26 and 27 
is maintained. The field magnets 26 and 27 may be 

25 injection molded by an outsert molding, instead of the 

insert molding described above. 

In the injection molding, the magnetic particles G 
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may be rare earth based magnetic powders, for example, 
neodymium-iron-boron magnetic powders. The synthetic 
resin may be but not limited to Nylon 12. 

With the injection molding, the grooves 30 are 
5 also filled with the synthetic resin. Therefore, the 

contact area between the stator core and the field 
magnets is increased. Moreover, the two grooves 
covered by one field magnet extend in radial directions 
different from each other. The synthetic resin, which 

10 fills the two grooves 30, constitutes the projections 

serving as anchors. Therefore, the two projections 
suppress shape-contraction of the field magnet formed 
integral with it. The suppression is made with respect 
to the direction in which the arc of the field magnet 

15 extends . 

Each of the core plates 25a of the stator core 2 5 
is a product stamped by a press. Therefore, as 
schematically shown in FIG. 8, small gaps or 
irregularities 28c are formed on the inner periphery 

20 28a of the rotor through hole 28. The cause of this 

will be described below. There are deformations, such 
as burr-like roughness projecting in the stamped 
direction, in the stamped hole of each core plate 25. 
A part of the stamped hole is coarse. The positions of 

25 the stacked core plates 25a are varied. The stamped 

holes are slightly different in size. Under these 
conditions, the field magnets 26 and 27 are injection 
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molded to the inner periphery 28a. 

For this reason, the synthetic resin forming the 
field magnets 26 and 27 injection molded at a high 
pressure enters the small gaps or irregularities 28c. 
5 As a result, the area where the inner periphery 28a 

contacts the field magnets 26 and 27 can be increased. 
Accordingly, the adhesion of the field magnets 26 and 
27 to the inner periphery 28a is increased. 

As described above, shape-contraction of the field 

10 magnets 2 6 and 27 is suppressed by the grooves 30. 

In addition, the adherability of the field magnets 26 
and 27 to the inner periphery 28a is increased. 
Therefore, when the rotor 13 is passed through the 
rotor through hole 28, even if the rotor 13 is brought 

15 into contact with the field magnets 26 and 27, the 

field magnets 26 and 27 cannot be removed. 

As described above, the grooves 30 are provided 
along the substantially diagonal directions of the 
rectangular stator core 25. The distance between the 

20 inner periphery 28a of the rotor through hole 28 and 

the outer periphery at four corners 25E of the stator 
core 25 is the longest of all portions of the stator 
core 25. 

For this reason, it is assured that the magnetic 
25 path is larger in the case where the grooves 30 are 

formed in the four corners 25E as compared to the 
case where the grooves are provided along the lines 
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connecting the center of the core 25 and a substan- 
tially middle portion of each side of the stator core 
25. Thus, since the grooves 30 are formed in portions 
which do not substantially obstruct the magnetic fluxes 
5 flowing through the stator core 25, the performance of 

the direct current motor is not lowered. FIG. 9 
schematically shows the state of the magnetic fluxes 
flowing through the stator core 29 with fine lines. 
The structures of the embodiment, including those not 

10 shown in FIGS. 5 to 9, are the same as those of the 

motor-blower having the motor of the first embodiment, 
except for the structures described above. 

The present invention is not limited to the above 
embodiments. For example, the motor frame may be 

15 formed of a first motor frame made of metal and 

a second motor frame made of metal. In this case, 
the first motor frame is shaped as a cylinder having 
a recess surface, and the second motor frame is 
attached to the opening of the first motor frame. 

20 Both the first and second motor frames have bearing 

receiving portions, between which most part of the 
rotor is located. 

As described above, the present invention is 
effective in the field of direct current motors useful 

25 for converting electrical energy to torque, the field 

of manufacturing the direct current motors, and the 
technical field of using the direct current motors. 



